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ABSTRACT

Thrw o )

Ne——

This thesis compares three types ofA'niodels developed to predict overhead costs
for seven government aerospace contractors. The methodologies utilized to develop .
the models include generalized least squares, univariate Box-Jenkins, and muitivariate
Box-Jenkins procedures. The results of those models are compared using three
measures of effectiveness: correlation coefficient between actual and predicted values,
root mean squared error divided by the mean of the actuals, and mean absolute
percantage error (in percent). As was expected, the univariate Box-Jenkins method
sroduced short term forecasts which were superior to those of the least squares
regression models. However, the regression forecasts were highly accurate and were
considerably less expensive to obtain. Only one multivariate Box-Jenkins model could
be developed. The results of this model were marginally superior to the related
regression model and significantly inferior to the univariate Box-Jenkins model for the

same contractor. N B cy T
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I. INTRODUCTION

Overhead costs often constitute a large portion of total product costs in manyv
industries. In the case of government aerospace contractors, overhead costs may
comprise as much as fifty percent of the contract cost negotiated by the Federal
government. Historically, overhead costs have been predicted by applving estimated
overhead rates to estimated labor hours in several categories of operations. These
category totals are summed to arrive at a total overhead cost for a particular product.
This procedure of estimating overhead is greatly affected by changes in the level of
operations. Fluctuating production rates often lead to overhead rates which display a
lagged relationship between the applied rates and actual overhead costs. Consequently,
this particular method of predicting overhead costs produces estimates which are
inadequate.

Alternative methods for predicting overhead have been proposed. In many cases,
these methods attempt to establish a direct relationship between costs and factors
related to direct production. Thus the need for reliance on estimated overhead rates is
eliminated. Various least squares regression models have been proposed in attempts to
establish the desired direct relationship. One such model was developed with simplicity
in application as a strong consideration [Ref. 1: p.7]. This allowed users of varving
degrees of statistical familiarity to apply the model in actual work conditions. This
model intentionally utilized the minimum number of explanatory variables necessarv to

chieve accurate results. Several applicable independent variables were considered and
observations of direct personnel demonstrated the strongest relationship with overhead
costs {Ref. 1: p. 20]. As with any economic trend data, autocorrelation must be
suspected. The use of quarterly observations in the model required testing for first
order AR(1) and fourth order AR(4) autoregressive processes. Appropriate tests and
corrections were incorporated into the model to ensure the absence of bias in the
standard errors of the coefficients and in the R-squared statistic [Ref. 2: p.283]. The
resuits of this model are included for comparison purposes.

A second alternative to the use of estimated overhead rates is the Box-Jenkins
method of forecasting. This method, which is designed to produce highly accurate

short term forecasts, allows for a wide range of possible models to apply to a particular




economic series [Ref. 3: p.11]. The degree of statistical sophistication required to apply
this method is far greater than that required for the regression model mentioned above.
In addition, the use of the Box-Jenkins forecasting method requires far greater

s . computer resources during the three tages of identification, estimation, and forecasting
: than most regression models. Consequently, the Box-Jenkins niethod has not been
Ll

o applied as a forecasting tool in many cases in which it would be a logical alternative.

¥y, )

The Box-Jenkins transfer function {(multivariate Box-Jenkins method) utilizes

Y, ceviations from appropriate means of an input (X) and of an output (Y) to establish a
‘.' relationship from which forecasts can be made. The connecting tool between these two
5.' series is a linear differential equation. This extremely complicated forecasting tool
requires extensive expertise on the part of the statistician. Once again, this highly
v, effective forecasting tool has been underutilized.
) . . .
by This paper attempts to develop usable least squares regression, Box-Jenkins, and
(!‘ - . .
': Box-Jenkins transfer function forecasting models for seven government aerospace
) . . . .
e contractors. The effectiveness of each model is measured by withholding the last four
7 cata observations during the model development phase and using the model to forecast
?' . . - . -
*:: the withheld observations. The deviation of the actuals from the predicted values have
1
L . . . . . .
“§ been indicated with three measures of effectiveness: correlation coefficient between
N . . A
¥ actual and predicted values, root mean squared error divided by the mean of the
. actuals, and mean absolute percentage error (in percent.) The development and resuits
Y . . .
N of each model are included for comparison purposes.
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Il. DATA

The data have been supplied bv seven government acrospace contractors. To
maintain confidentiality, all references to specific contractors will be with the labels A
tarough G. A specific reporting format was utilized by each contractor during data
collection. Quarterly data spanning the period beginning in the first quarter of 1979
and continuing through the third quarter of 1986 was requested from each of the seven
contractors. Usable data were obtained from each contractor for large portions of the
requested period. However, only one contractor was able to supply all thirtv-one
observations.

In the reporting format, overhead costs were composed of costs from three major
categories which had been further refined into six subcategories. The first major
category, labor related cests, was composed of two subcategories: indirect salaries and
fringe benefits. The second major category was facility costs. The third major
category is composed of three subcategories: electronic data processing costs,
independent research and development and bid and proposal costs, and all other
overhead costs.

All components of overhead costs were converted to constant 1984 fourth
quarter dollars. The labor related cost categories adjustment was accomplished
through the application of the Bureau of Labor Statistics SIC 372 price index for
production worker average hourly wages for the aircraft and parts industry. In the

case of this index, monthly indices were averaged to produce quarterly indices. Gross i
National Product Deflater indices published by the Bureau of Economic Analysis were
applied to the two remaining major categories, Facility costs were adjusted with the
GNPD gross private domestic fixed nonresidential investment index. The GNPD
personal consumption services index was utilized to adjust the fina! major category. As
with all indices, those used were imperfect. They were chosen because they provide the
“est adjustments for inflation among all readily available and relevant indices.

Data pertaining to direct production were obtained from each contractor. The

o only direct production data set utilized in the analysis was direct labor persennel. This
L)

} ! categorv of data did not require adjustment for inflation.
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" III. VIODEL DEVELOPMENT

;3:‘ A.  THE REGRESSION MODEL

:\ The model utilized in this project was designed at the request of the Naval Air

.‘,'. Svstems Command as part of its contractor overhead tracking project. The model
capitalized on the explanatory and prediction properties of least squares theory.

“ [ndividual regression models were developed for each contractor in an effort to

ﬁ":': accurately predict future overhead costs. Simplicity in application has been a key

E 3: factor in the model’s development.

i The application of least squares to economic trend data almost immediately

:::‘; implies autocorrelation in the error terms of the regression. With the presence of

: ; autocorrelation. the estimates of the coefficients are unbiased and consistent.

: However, thev are not efficient. The estimate for the variance of the coefficients are

' & biased. Positively autocorrelated errors produce a coefficient variance which is

';' underestimated because of a downward bias in the estimate of the variance. The

;: o downward bias will produce a confidence interval which is narrower than it should be

l::}: . for each coeflicient. For this reason, tests of the null hvpothesis that the coefTicient is
equal to 0 will pe rejected in instances in which it should be accepted. Likewise,

.: autccorrelated errors will cause exaggerated R2 and F statistics when an ordinary least

&: squares model is applied.

5 The effects of autocorrelation can be eliminated through the application of

) generalized least squares (GLS) procedures. The application of GLS to autocorrelated

,"Q‘.' data produces estimators of the coefficients which possess the properties of maximum

X likeithood estimators. Therefore, the GLS estimators of the regression coefficients and

:Q 0 the variances of these coefficients will be unbiased, consistent, and asymptotically

R sfficient. This will lead to more reliable estimates of R? and F. {Ref. 4: pp. 302-311]

Z;:E‘ This project examined quarterly data. For this reason first order AR(1) and

::‘:: ‘ourtn order AR(4) autoregressive processes are suspected. AR(1) processes are

;:h ' cetectable with a Durbin Watson Test. In those cases where AR(1) is present, the data

b0 has been transformed in the following manner:

" '. ’

o " =z,01- )12

;%- 2,"=7,-PZ,.,. (eqn 3.1)
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(t=234,...T).- -

where
T
:etet-l
t=2
A
P = ——  (t=23,..T) (eqn 3.2)
T-1
2
Zet
t=2
where

e, = residuals from the OLS regression.

In equation 3.2, /‘;l defined in this manner is the two stage Prais-Winsten
estimator derived by Park and Mitchell [Ref. 5]. The AR(4) process detected in the
model, a special form of the general AR(4) process, is written as

& =’ﬁ4at_ 4%V (eqn 3.3)

The general form for AR(4) processes is

N N\ /\
& =/P‘1 ) T P28 T P3E 3T P4E gt Oy
(eqn 3.4)

In both cases
v, ~ N(0,62).

In this model, the effects of the three prior quarters are assumed to be negligible
while the effect of the quarter one year previous is considered significant. This special
form of AR(4) process is detectable with a Wallis Test [Ref. 6]. If AR(4) processes
were detected, the data sets were transformed in the following manner

)
z,"=7,(1 -2
(1=123,4),

12




B

*®

Z, =27 -$4Zt_l. ' (eqn 3.6)
(t=56.7....T)

where

T(1 - .5dy) + K2
Py = . (eqn 3.7)
T2- K2

-

In equation 3.7. T is equal to the number of observations, K is the number of
parameters to be estimated, and d; is the Wallis Test Statistic written as

T
T (e - °t-4)2
t=35

[o¥
$a
]
_—
—
1}
—
1
)
~

(eqn 3.8)

where

e, = residuals from the OLS regression model.

This particular estimator, derived by Theil and Nagar [Ref. 7: p. 287], was found
to be the most efficient among nine alternative estimaters applied directly to these data
sets. [Ref. 8: p. 49]

After each OLS model was computed, the Wallis and the Durbin Watson
Statistics were examined for the presence of AR(4) or AR(1) processes. Appropriate
transtormations were made and the models were reestimated. At the conclusion of the
transformation and reestimation phase, all traces of autocorrelation had been removed
from the GLS models. In each case, the residuals were examined and all tests for
normality were accepted.

The following procedure was applied to each of the seven contractors. A detailed
presentation of the results will be made for contractor A. The results from the

remaining contractors will be made in a summarized fashion with appropriate
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comments. Direct comparison of the regression models between two contractors does
not indicate relative efficiency. Aside from the organizational differences within each
{irm. each of these contractors specializes in a particular branch of the aerospace
industrv. Examples include fixed wing aircraft and aircraft engine producers. For
these reasons, comparison of the models between contractors is inappropriate.

Contractor A supplied data spanning twenty-six quarters. Therefore, all three
models: regression, Box-Jenkins, and Box-Jenkins transfer function, are based on
twenty-two observations. The remaining four observations are withheld during the
mode! development stage and are used for comparison purposes with predicted values
during the {orecasting stage. The results of the OLS and GLS models are presented in
Table 1. The adjusted R2 value of .1828 and the F value of 5.93 indicate that the OLS
modzl is poor. The Wallis Statistic of .5801 indicates the presense of the special form
of AR(4) suspected in the data. The appropriate transformation to correct for AR(4)
was made and the model improved significantly: adjusted R2= 8718 and F= 150.6569.
At this point, the residuals indicated the effects of first order autocorrelation. A
second transformation was made and the model improved slightly: adjusted R%=.8787
and F=160.3358. Both forms of autocorrelation had been completely removed at the
completion of the second transformation.

TABLE 1
REGRESSION MODELS FOR CONTRACTOR A
:
OLS GLS AR(4) GLS AR(1])

. Adjusted R2 183 872 879
F Staustic 5.921 150.657 160.336
: [ntercept: 54778.277 11487.623 3047.308
: Standard Error: 68215.152 5924.463 2438.277
| Slope: 13.960 15.701 15.946

Standard Error: 3.737 1.279 1.259
! Durbin Watson Statistic: 1.618 .644 1.591
| Wallis Statistic: 580 1.351 1.432
| Estimate of py 187 694 080
: Estimate of py 723 334 .294 ‘

14




The regression models for the remaining six contractors are depicted in Table 2.
A single transformation was required to eliminate all indications of autocorrelation in
the cases of contractors B and C. The required transformation removed the effects of
an AR{4) process. The data supplied by Contractor E was free of the effects of
autocorrelation and the model listed in Table 2 is the OLS model developed for this
centractor. The remaining contractor data sets were transformed twice to achieve the
Jdesired residual characteristics. All of the models derived during this stage possess
good forecasting capabilities when utilized to predict the four data points which were

withheld. This will be discussed in the next chapter.

B. BOX-JENKINS METHOD

The Box-Jenkins method of forecasting is comprised of three stages:
identification, estimation, and forecasting (Ref. 9: p. 19]. In the identification stage, the
series is often differenced to achieve stationarity about a mean (usually 0). During the
development of these models, differencing of the order of one period (regular
differencing) or four periods (seasonal differencing) was considered. As is standard
with Box-Jenkins methodology, no more than two differencing corrections were
required for any mcdel [Ref. 10: p. 125]. With one exception, a staticnary scries was
achieved through the application of regular, seasonal, or a combination of both tvpes
of differencing for each of the contractors. Contractor D data were already stationary
and did not require differencing. The autocorrelation (ACF) and partial
autocorrelation(PACF) functions of this stationary series are analvzed to determine the
herizontal subpatterns within the series. The stationary trend can be specified as a
linear combination of past series values (autoregressive terms). a linecar combination of
past random errors (moving average terms), or a combination of both. The
Jdetermination of the appropriate number and specific lag of the autoregressive and
moving average terms is made during the analysis of the ACF and PACF. Spikes on
the ACF accompanied by trends on the PACF resembling exponential decay for the
same lag indicate the appropriateness of a moving average parameter at that lag.
Likewise, spikes on the PACF accompanied by an exponentially decaving trend on the
ACF signal the need to include an autoregressive term at that lag. Spikes on the ACF
and PACF are taken to be correlation values for a given lag which are statistically
different from 0. Once the character of the trend is identified, the estimation phase is

135
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o ! )
i TABLE 2 |
: ! SUMMARY OF CONTRACTOR REGRESSION MODELS
" 1 |

e REGRESSION MODEL for CONTRACTOR B |
:'\; : Model: OVRHD(B) = a+ b PERSONNEL(B)
B4 )

K © Adjusted R? 927 |
5 | I Statisuc 243.881

> " Intercept: 11978.143 ;

Pt i Standard Error: 5952942 |

jf:f: : Slope: 15.215 :
! Standard Error: 974 ‘
|

ot |

N REGRESSION MODEL for CONTRACTOR C

'j'.i: f Model: OVRHD(C) = a+ b PERSONNEL(C)

‘ | Adjusted R? 840

e ! F Statistic 106.326

R . Intercept: 327.038

.:::e i Stardard Error: 3911.146

g\ . Siope: 8.702

e ? Standard Error: 844

i |

A ; REGRESSION MODEL for CONTRACTOR D

£ ! Model: OVRHD(D) = a+ b PERSONNEL(D)

B ~ Adjusted R? 726

S F Statistic 64.448

N Intercept: 13864.996

::-:; Standard Error: 3084.697

R ' Slope: 7.999

L i Standard Error: 996

|

o

B I

.l(" {

R |

A entered to determine the parameter values. A first order autoregressive series is

KRR expressed as [ollows

.‘Q'g.

.'....

wh

At Z, = 05+9Z, | +A, (eqn 3.9)
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TABLE 2
i SUMMARY OF CONTRACTOR REGRESSION MODELS (CONT'D.}

|
|
i
REGRESSION MODEL for CONTRACTOR E |
Model: OVRHD(E) = a+ b PERSONNEL(E) }
|
|
|

Adjusted R 527
F Statistic 26.390
[ntercept: 4976.203
Standard Error: 18568.690
Slope: 14.949
Standard Error: 2.899
.‘ |
" ! REGRESSION MODEL for CONTRACTOR F
B g Model: OVRHD(F) = a+ b PERSONNEL(F)
i Adjusted R? 707
| F Statistic 63.739
N l Intercept: 884.075
K i Standard Error: 1083.769
Y ] ! Slope: 13.012
; . Standard Error: 1.629 ;
]
1 | !
:
,Z | REGRESSION MODEL for CONTRACTOR G
‘,: ' Model: OVRHD(G) = a+ b PERSONNEL(G)
. Adjusted R? 857
; F Statistic 133.155
% E Intercept: 4716.544
! : Standard Error: 3020.132
: ' Siope: 20.545
] Standard Error: 1.780
|
| !
where

6= series mean
@ = weighting of the previous period value
A= white noise ~N(0,6 AB)_

17




An alternative form of the model in terms of deviation from the series mean is

zZ, = ¢Zt-l+ A, {eqn 3.10)
where

This expression can be expanded to include any number of past series values and is
written as follows:

* x * *
Zy =0 1Zy 1 TOZ, 5 +"'+(ppzt-p + A, (eqn 3.11)

The backward shift operator, B, is often utilized to express the relationship of the
present term to the relevant past terms. The operator is a symbolic indicator and does
not imply multiplication of Z, by a constant B. Its use indicates a desire to express
past consecutive terms of a series as an ordered group. The operator possesses the
following relationship:

th = Zt'l
Bz, = 7, ,
BYZ, = Z, .

Using the operator, the autoregressive process of order p is expressed as

¢<B)Zt' = A, (eqn 3.13)
with
®(B) = (1-9;B-p,B-.. ¢ BP).

The moving average model assumes that the series can be expressed as a
weighted average of past successive white noise terms. A first order moving average
raodel expressing the series as deviation from the mean of the series is:

»
Z, = A-0)A,, (eqn 3.14)
where
A= series is white noise ~N\(0,0 AZ)
Bl = coefficient of the most recent white noise term.

18




This basic relationship can be expanded to include any number of past terms. A
moving average process of order g is written as:

Zt. = At-elAt_l-ezAt_z-...-qut_q. (an 3.15)
Using the backward shift operator this model is expressed as
x®
Z, = 0(B)A, (eqn 3.16)

with
6(B) = 1-6,B-6,B2...-8 BA.

A combination of these types of models can be developed and possesses
relationships to past series terms and to past white noise elements. The process is
called a mixed autoregressive-moving average model and is expressed as:

*

* *
Zy = @ Zpy +t0pZ FACO AL B A (eqn 3.17)

This expression is usually written in terms of the backward shift operator,

¢(B)Z,” = 8(B)A,. (eqn 3.18)

Models which adequately describe the data rarely exhibit values of p or ¢ greater
than two and usually are less than two. [Ref. 10: p. 66]

The use of differencing to achieve a stationary series permits the use of the Box-
Jenkins method to model series which are nonstationarv in nature. The backward
differencing operator V is used to indicate the following relationship:

VZt=Zt-ZM ==(l-|3)Zt. (eqn 3.19)

The model now becomes an autoregressive integrated moving average process
(ARIMA) of order (p.d.q.) and is written:

¢(B)79Z,=8(B)A,. (eqn 3.20)
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In this relationship the superscript 4 indicates the number of times that regular,
backward differencing was utilized to achieve a stationary series.

Seasonal differencing was used in several of the models to achieve stationarity.
The inclusion of seasonal differencing produces a seasonal ARIMA model described as
(p.d.q) X (P,.D.Q.);. The subscript s indicates the number of periods contained in one
season. In the examination of quarterly data, there are four periods in one vear and
the subscript becomes a four. The general form of the seasonal ARIMA model is a
multiplicative ARIMA model. The multiplicative nature of the model indicates that
the model contains terms which are products of the regular and seasonal coeflicients.
Intuitively, this makes sense. In the case of quarterly data, the value in the series five
periods previous to the present is included and has a coefficient which is the negative
product of the first order term and the seasonal term [Ref. 10: p. 164]. A multiplicative
ARIMA model of order (1,1,0} X (1,1,0)4 is expressed as:

Z, = 0Z, | *OZ, 40P Z, 5+ (eqn 3.21)
with
A, ~N(0,64%) .
®, = coefficient for the seasonal term.

The general expression for the muitiplicative ARIMA model is

9,(B)Op(BVIv Dz =0 (B)OG(BYA,
(eqn 3.22)
where
G)Q = coefficient of the seasonal error term
OP = coefficient for the seasonal term.

Several plausible models are developed during the estimation stage and these
alternative models can be compared utilizing the diagnostics provided in most
computer packages. The parameters and the associated residuals from each plausible
model were examined to validate the model. The residuals were examined for the
presence of bias and autocorrelation. The three indicators used to detect the presence
of these conditions were the residual mean and variance, the autocorrelations of the
residuals, and the Q statistic. The model parameters were examined for statistical
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;‘,;; | significance and indications of high correlation between each other. Highly correlated
lgiﬂ f parameters are usually an indication of the inclusion’ of unnecessary parameters in the
::: ’ model [Ref. 10: p. 98]. The desired outcome is to determine one or more models which
S . produces fitted values as close as possible to the original series. Additionally, it is
- Jesired that the models have as few parameters as possible [Ref. 9: p. 17]. The final
E':c'v stage of the Box-Jenkins method, forecasting, enables the user to project the series into
‘;:: ; the future. Often. 95% confidence intervals for the projected values are provided by
K the computer package. The computer package utilized during this analysis was
o GRAFSTAT. It is a package being developed by IBM and is installed at the Naval
?c \ Postgraduate School for evaluation.

::::‘ In general, the results derived from the Box-Jenkins method are usually more
.- accurate in the short and intermediate term than forecasts from other methods,
"y including regression [Ref. 11: p. 236]. The cost of these generally superior results are
:' ‘ measured in the computer resources required to derive the model and the expertise
”r required of the statistician to determine an appropriate model. The procedure allows
R for interpretation on the part of the forecaster. Two forecasters may identifv different
‘i models as being the best model to fit the same data set. Even so, both sets of forecasts
:| | may be highly accurate when compared to the future observations of the series
j | [Ref. 3: p. 11].

W+ The Box-Jenkins models developed for each of the contractors displaved strong
:;,.‘ predictive properties when used to predict the missing values. Table 3 presents the
:‘:h ‘ differencing required to achieve stationarity and the final form of the model for each of
f:::§ the contractors. The model for each contractor is expressed in standard Box-Jenkins
:':' notation with a seasonal period of four. The coefficient values, the model mean, and
é the standard errors of these terms are included in the presentation.

"

o

" . |

ki s C. BOX-JENKINS TRANSFER FUNCTION

: The Box-Jenkins transfer function is a procedure which allows a forecaster to
My aggregate the information contained in a particular series (output) with one or more
;%;: related series (input) to forecast future values of the series. The relationship which is
e usually identified is that the trend present in the input series is reflected in the output
;.;. - series a‘ter a lag of several periods. Relationships of this order are referred to as
*"‘i dynamic respcnses. The aggregation of information is achieved through a transfer
X
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TABLE 3
SUMMARY OF BOX-JENKINS MODELS

Summary For Contractor A

Standard Error 6648.622

{ ARIMA (1,0,0)%(0,1,0,)4
I AR(1) 753

! Standard Error 157

| Mean 2023.270

{

I

Summary For Contractor B

ARIMA (1,1,0) x(0,1,0,)4

AR(1) -.845
Standard Error 171

Mean 488.515

Standard Error 1162.332

Summary For Contractor C

ARIMA (1,2,0) X (1,0,0)4
l AR(1) -.673
Standard Error 185
‘ SAR(D) .764
Standard Error 103
Mean 305.319

Standard Error 416.400

Summary For Contractor D

, ARIMA (1,0,0) X (0,0,0,)4
; AR(1) .688
’ Standard Error 163

|

{

|

|
\ ; Mean 189328.647
‘ ’ Standard Error 6599.820




TABLE 3
SUMMARY OF BOX-JENKINS MODELS (CONT'D.)

Summary For Contractor E

ARIMA (0,1,1) (0,004 !
MA(1) 906 |
Standard Error 039
Mean 1532.200
S:andard Error 397.637

Summary For Contractor F

ARIMA (1,1.0) X (1.1,0.)4
AR(1) -.607
Standard Error .166
SAR(1) 875
Standard Error 129
i Mean -350.716

Standard Error 2534.731

Summary For Contractor G

i ARIMA (1,0,0) X (0,1,0)4
AR(1) .854
Standard Error 103
Mean 1125.453

Standard Error  18744.529
|
|

function model [Ref. 9: p. 13]. This procedure is comprised of the same three phases as
the univariate Box-Jenkins method. During the identification stage, differencing of the
series is usually recommended in an effort to achieve a stationary series. However, a
linear combination of elements in the output series often may be stationary, and
diiferencing of all of the series in the model can cause complications in identifving the
appropriate mcdel [Ref. 12].

The data trends may be tentatively identified and prewhitened in an effort to
achieve an input series which strongly resembles white noise. This effort is made in an

[0
(%)




attempt to improve the interpretability of the cross correlation function (CCF). If the
input series is not prewhitened, the CCF often cannot be interpreted [Ref. 13: p. 243].
A series which can be represented by an ARIMA model

X, = (l-(plB-...-(ppo)'l(I-OIB-...-Oqu)At. (eqn 3.23)
or as expressed with the backward shift operator
X, =0, [(B)OBA,. (eqn 3.24)

can be prewhitened by inverting the model. The prewhitened version of the series is
expressed as follows:

a, = ¢ (B0, ! (B)X,. (eqn 3.25)

The same transformation is applied to the output series culminating in the following

expression:
B, = ¢,(B}, ! (B)Z,. (eqn 3.26)

The relationship between the input and output series is described in an impulse
response function of the form

Zt = 00Xt+01xt_1 +v zxt_2+...+|]t (eqn 3.27)
where
v is the impulse response

N, is the random noise term.

Expressing the impulse response function in terms of the prewhitened series, @, and B,,
the function becomes

Bt = o(l!)at + & (eqn 3.28)

where g, is the transformed noise series defined by
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| - -1 ,

By € = @B, (B)n, .. (eqn 3.29)

.

. - The impulse response weights can be determined through examination of the
o : CCF. The following relationship is utilized in this regard:

"}:: PaB(k)SB

‘-f ‘ Vg = 3 k = 0.1,2.... {(eqn 3.30)

:: 2 where a

i . : Pyp!k) = correlation coeflicient between the

}“ f a, and B, series for the kD element

- [ Sg = estimated standard deviation of the a, series

}é::f ], Sg = estimated standard deviation of the Bt series.

B Once estimates of v, are obtained, identification of those elements of the impulse
o function which are statistically significant enables the forecaster to identifvy an
::§. i appropriate model to be used as a basis for the transfer function. From these
::““ estimates. simultaneous equations can be formed and solved to provide preliminary
"fr estimates of the parameters of the model. Since the impulse responses provided by the
" | CCF are statistically inefficient in general, the proposed model is used as a starting
:s: ' point to be fitted by some more elaborate means.

z;:‘ E This procedure is extremely complicated and places a high demand on computer
e . resources and the skills of the forecaster. The results should be indicative of the cost of
"'/: attaining them. In this particular application of the procedure, several difficulties were
s:.;' encountered. A computer package to perform the entire procedure was not available.
':':, The GRAFSTAT package mentioned previously does contain a CCF routine.
j::: Therefore the inefficient estimates of the impulse responses obtained from the
examunation of the CCF could be used to form simultaneous equations. However, this
;.:: would be the most elaborate means of determining the parameters. The data from
L}fﬁ each contractor were examined in all combinations of undifferenced. regularly
::_:: differenced, and seasonally differenced forms. In all cases, the data were prewhitened
= before examination. Only one CCF indicated the presence of an impulse response
:::: value which was statistically different from zero. This was the prewhitened and
::s; _ undifferenced series for Contractor D. Therefore, the only input value used in the
b
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forecast of the output was the present input value. The nature of this model led to a
single equation of the following form: -

Vg = 1439 = @, (eqn 3.31)

From equation 3.31, the final multivariate Box-Jenkins model was determined to
be:

Y, = 1339 X,. (eqn 3.32)

The model parameters are listed in Table 4. The forecasts made with this model are
inferior to those obtained from the univariate Box-Jenkins model. As will be discussed
in the results chapter, the presence of the input series (X,) does not produce a
regression model or a transfer function which outperforms the univariate Box-Jenkins
model for contractor D. The inability of the procedure to develop adequate models for
the majority of the contractors may be attributable to the relatively small sample size
of each data set. The longest series available for analysis was twenty-seven
observations and the majority of the contractors supplied data in the range of twenty
to twenty-four observations. Generally, sample sizes larger than sixty observations or
data spanning at least eight complete seasonal periods are recommended as a minimum
number of data points for the method to perform well [Ref. 3: p. 6].

TABLE 4
SUMMARY FOR CONTRACTOR D

Pa 49
Sa'3 1034.734
SB 30387.40016
Vg 14.39

i
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1V. PREDICTION METHODOLOGY AND RESULTS

Each model was used to predict the four withheld data points. For the GLS
models actual X's for the four periods were available and used. In those cases where
only one form of autocorrelation was present in the data, a transformation of the

following tvpe was made to the original data prior to estimation:

) A AL
Yo =Pyt XA Yo (eqn 4.1)
(t=T-3,T-2.T-1,T)
(i=lor4d).

The majoritv of the GLS model required two transformations to remove all forms of
autocorrelation. In those cases, the X's and Y's were transformed in the following
manner before the {inal GLS model was used to predict the withheld values.

Transform the data for AR(4):

LA
Yt‘ = Yt;£4Yt-4
Xt = Xt-p4Xt-4 (eqn 4.2)

(t=35,6,7,..,1).
Transform these new data to remove the effects of AR(1):

LT K Ve S
i, =Y 1Y o

AFT IR A .
Xp =X 01 X (eqn 4.3)
(t=1.23,.T).

Substitution of equation 4.2 into equation 4.3 allows both equations to be

combined as follows:

A L, N A P
Yoo = YPaYegP I(Yt-,\l'p-‘lYt-S)
Xp = XpPaXeq4P (X PaXe.s5) (eqn 4.49)
(t=6,78....T).

[ ]
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These equations can be simplified to the following form:

&

*_ v A A AN
Yo =YeP Yo PaYe g TP PsYes

N

deoke ”~
Xp = XeP X PaXeatPiPaXes teqn 4.5)
W | (t=6,18,...T).
a:, !
8 ;
k ,
% ; Assuming that all forms of autocorrelation have been removed, the following
| i relationship holds:

!
'_1 ‘ Y["=xt”B+ v, (eqn 4.6)
v:_:! v, ~ .\’(0,02)

(t=6,78,...T) .

The entire transformation can be made in one step and forecasts can be made
with the following equation.

|
|
!
|
!
|
N A A AN
'% | Ye=p Yot &4Y:.42194Yt;\5 *
[/ |
| (XiP1 X 1PaX1-4P1 PaXy.5)B (eqn 4.7)
1::; | (t=6,78,...T).
R }
\; ; This set of equations pertained to the instance in which AR(4) was removed first and
?g | AR(1) was removed during the second application of GLS. These equations were
B! ,
':"3 ' developed by substituting the transformation for AR(4) into the equation for the
) ! removal of AR(1) processes. A similar expression was derived for those cases in which
‘,::i ? the correction for AR(1) preceded the removal of AR(4) processes. In the case of the
’
'::‘ | s, this procedure required an iterative process to determine the last three values in
‘ ]
' . the Y vector.
¢
’ The Box-Jenkins models developed for each contractor were used to produce
i 3 forecasts which were compared to the withheld data points. These forecast values were
4
:‘;: | provided by the GRAFSTAT package. The package also provided ninety-five percent
i@ .
.::;, ' prediction intervals for each forecast. A graphical presentation of the forecast is
ofy : .
¢ provided with an analysis of each contractor’s data in the remainder of this chapter.
.i: d Forecasts were made with the multivariate Box-Jenkins model. These were made
2:.: : bv substituting the known values in the input (Xt) series into equation 3.32 and
t, :
:::: [ completing the computations. ‘
l's’ i
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The forecasting capabilities of each model were measured by three comparison
indicators: correlation coefficient between the actual and predicted values, root mean
| square Jivided by the mean of the actuals. and the mean absolute percentage error.
An analysis of the data and a presentation of the prediction results for each contractor

tollows.

A. CONTRACTORA
Contractor A supplied twenty-two data points. The data was categorized and
deflated to constant dollars as specified in Chapter II. Graphical presentations of the
raw data is presented in the top two graphs of Figure 4.1 . The upper left hand graph
‘ 1s a presentation of the overhead cost across time (twenty-two consecutive quarters).
, Likewise, the upper right hand graph is a display of the direct personnel trend across
time. The overhead cost versus time graph displays a sharp decline in the first four
quarters and a somewhat cyclic increase thereafter. The trend is increasing in general.
The direct personnel versus time graph indicates a similar trend in general. but does
_ not appear to be influenced by a seasonal trend to the extent that the overhead cost
L trend 1s. The lower left hand graph displays the relationship of overhead cost versus
direct personnel. The weak relationship is depicted graphically and in the results of the

OLS regression (adjusted R? = .183). The lower right hand graph in Figure 4.1 shows
the relationship of overhead cost to direct personnel after both series have been
transformed to remove the effects of autocorrelation. The adjusted R? for this model

-

15 .8787 as indicated in Table 3. The graphical portraval of the transformed data

suggests that the GLS model should be a dramatic improvement over the OLS model
as a prediction tool. A summary of the predictive results of the GLS model is
presented in Table 5. Actual X's were available and used in making predictions for the
four withheld quarters.

The Box-Jenkins model developed for Contractor A was presented in Chapter 3.
A topic of concern was the amount of data available which could be used as a basis for
the model. Generally, the amount of data needed to develop accurate models is fifty
observations with one hundred preferred. Models can be developed in the absence of
these amounts of data, but the forecaster must utilize experience and past information
to develop preliminary models which can be updated as more information becomes
available [Ref. §: p. 18]. A graphical portrayal of the results of the Box-Jenkins model

is presented in Figure 4.2. The left hand graph is the actual overhead series including
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Figure 4.1 Regression Analysis Graphs for Contractor A.
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TABLE §
PREDICTIGN RESULTS FOR CONTRACTOR A

|
|
|

‘ . BOX:
- REGRESSION JENKINS

Correlation Coefficient: .862 .881
Root Mean Squared Error
: Mean of the Actuals: .0649 0376
Mean Absolute Percentage
Error: 5.98 2.79

the periods for which predictions were made. The right hand graph is the first twenty-
two observations and the four prediction values. The trend of the predicted values can
be compared to the actual trend by mentally superimposing one graph on the other.
As indicated in Table 5, the results of the Box-Jenkins model for Contractor A is
superior to the results of the GLS model.

Attempts to develop a multivariate Box-Jenkins model were made and proved to
be unsuccessful. The cross autocorrelation function (CCF) was plotted. However,
none of the impulse weights were statistically significant. All reasonable combinations
of differencing were examined in addition to a CCF in which no differencing was
included. The outcome was the same in all cases.

B. CONTRACTORB

Figures 4.3 and 4.4 and Table 6 are provided for Contractor B. Figure 4.3
displays the raw overhead cost and direct personnel series for Contractor B. As
indicated in the upper right hand graph, the overhead series has an increasing trend
accompanied by a seasonal variation. The direct personnel series is characterized as a
consistently increasing series. A comparison of the slopes of the series in each graph
indicates that the quarterly direct personnel count is increasing at a slightlv greater rate
than the overhead cost per period is. The overhead cost versus direct personnel chart
reveals the presence of a relationship between those two series which is stronger than
the near randomness revealed in the same graph for Contractor A. This is supported
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Figure 4.4 Box-Jenkins Graphs for Contractor B. 1
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TABLE 6 !
' PREDICTION RESULTS FOR CONTRACTOR B

: BOX.-.
REGRESSION JENKINS

Correlation CoefTicient: 584 673 i

Root Mean Squared Error: l

Mean of the Actuals: 0952 .0433 !

Mean Absolute Percentage !
Error: 8.58 3.91

ov the results of the OLS model which are surprisingly good with an adjusted R2 of
.069. After transformation, the GLS model achieves an adjusted R2 of .927. There are
three transformed observations which are easily distinguished from the remainder of
the transformed data. These observations are located closely together on the
transformed data graph. The GLS model developed possesses all of the indications of
a statistically significant and worthwhile prediction model. The adjusted R2. F-
statistic, and T-statistic for the slope are all significant [Ref. 14: p. 133]. Despite this
fact, the Box-Jenkins model developed for Contractor B is superior as a forecasting
tooi in the range which is being examuned in this paper. The multivariate Box-Jenkins
model suffered from the same short comings as the model for Contractor A. The
‘mpulse weights were determined to be statistically insignificant.

C. CONTRACTORC

Figures 4.5 and 4.6 and Table 7 are provided for Contractor C. The overhead
cost and direct personnel graphs derived from Contractor C data are presented in
Figure 4.5. The overhead cost trend appears to fluctuate significantly about a mean
vaiue of approximately $90,000,000 during the first seventeen quarters with the
nunimum value of the series occurring in the fifteenth quarter. The series shows a
departure from this trend during the last eight quarters. The last four values depicted
on the top two graphs are values which were not included during the model
Jevelopment stage. These are the values which are being withheld for prediction
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TABLE 7
PREDICTION RESULTS FOR CONTRACTOR C

. BOX-.
| REGRESSION JENKINS
' Correlation Coeflicient: 671 338
i Root Mean Squared Error;
Mean of the Actuals: 112 117
Mean Absolute Percentage
Error: 8.52 9.10

comparison purposes. The direct personnel graph shows an increase during the first
nine periods followed by a decrease for approximately eight periods. At that point, the
number of direct workers employed at Contractor C increases for the remaining eight
periods. This trend matches the overhead cost trend in general for the entire length of
the data strings, but does not appear to be influenced by a seasonal component. The
plot of overhead cost versus direct personnel appears nearly random (adjusted R =
.291). The plot of the transformed data displays a strong direct relationship between
the two variables. As the number of personnel increases, the overhead cost increases.
This is apparent in the GLS model which has an adjusted R? of .840 and an F statistic
of 106.326. The Box-Jenkins model graphs are presented in Figure 4.6 . These graphs
are difficult to mentally superimpose on each other. This problem is caused by the
bounds of the 95% confidence interval for the forecast observations. In the case of
Contractor C, the regression model produces predictions which are actually closer to
the actual values than those calculated by the Box-Jenkins model. A comparison of
the predictive results is presented in Table 7. The multivariate Box-Jenkins model was
unusable for Contractor C.

D. CONTRACTORD
The data supplied by Contractor D spanned twenty periods and is presented in
Figures 4.7 and 4.8 and Table 8. The overhead cost versus time plot indicates that the
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‘ Figure 4.7 Regression Analysis Graphs for Contractor D.
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Figure 4.8 Box-Jenkins Graphs for Contractor D.
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; TABLE 8 |

. | PREDICTION RESULTS FOR CONTRACTOR D
. | |
Iy : , BOX- TRANSFER
;:: < REGRESSION JENKINS  FUNCTION
g : Correlation Coefficient: -.757 641 418
. | Root Mean Squared Error:
" : Mean of the Actuals: 197 0435 126 !
‘,5: Mean Absolute Percentage !
o ; Error: 18.64 134 12.18
RN ' | i
¢ J
::: series started at a relatively low point and increased rapidly in the fifth quarter. The
‘Ei trend remained relatively constant for six periods at which time it began to decrease
2:5 slowly. This trend remained consistent through the twentieth quarter which is the last
period included in the model development stage. The direct personnel series is similar
Q;‘g to the overhead cost trend with an abrupt decrease in the thirteenth quarter.
) Beginning in the twenty-first quarter, the direct personnel trend becomes flat and
?",‘ : neither increases nor decreases for the remainder of the series. These last four values

are the known X's which are used in the regression model and the multivariate Box-

' S Jenkins models. As the X's (direct personnel) become a level function in the prediction

,:?: interval of the data, the Y's (overhead cost) suddenly increases. This departure from

E:: the previous trend causes problems with both of the models which utilize the available
X values to generate predictions. The effect of this departure from the trend is

;;%: indicated bv the relatively poor results of these models as listed in Table 8. The

:‘: multivariate Box-Jenkins model is predicated on a single impulse weight which was

i::E significant. This occurred at a lag of zero periods. The model which was developed

@ utilized only the present period X value to predict the value of Y. Therefore, this

;',: ! model was susceptible to the trend departures present in the data.

2

o E. CONTRACTORE

“ Figures 4.9 and 4.10 and Table 9 are provided for Contractor E. The regression

3:: model developed for Contractor E is unique in the fact that it did not need to be

:s: corrected for autocorrelation. As indicated in the graphs in Figure 4.9, both the
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TABLE 9
PREDICTION RESULTS FOR CONTRACTOR E

|
|
|
!
l
!
t
!

CONTRACTOR E i

1 : BOX..
! REGRESSION JENKINS

Correlation Coefficient: -434 -.606
; Root Mean Squared Error:

! Mean of the Actuals: 107 137
Mean Absolute Percentage

Error: 8.99 13.83

overhead cost and the direct personnel series are generally increasing with time. The
overhead cost series tends to fluctuate above and below the general trend throughout
the length of the series with the most significant departure from the general trend
occurring in the twenty-first to the twenty-fifth data observations. The direct
personnel series increased initially in the first ten periods and remained fairly constant
at a level of approximately 6500 workers for the next ten periods. This series shows a
sharp increase in the twenty-first period and continues to increase at a somewhat
slower rate thereafter. The overhead cost versus direct personnel graph displays a
direct relationship between these two variables in the absence of an autocorrelation
correction. The strength of this relationship is less apparent as the number of
personnel increases. The four observations in the upper right hand corner of this
graph are the last four observations in each series in the model formulation range.
Their proximity to each other is a function of the fact that the direct personnel series is
slowly increasing in the twenty-first through the twenty-fourth observations. This
explains the remoteness of their placement on the graph as they occur later in time
than the large increase in the number of workers that was recorded in the twenty-first
quarter. The appearance of these points as a nearly vertical line is a function of the
smail increase in the direct personnel component of the graph and the large
fiuctuations that occurred in the overhead cost series in the twenty-first to twenty-
fourth quarters. The OLS model has an R2 of .527 and an F statistic of 26.59.
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The ARIMA model for Contractor E was also unique in the fact that it was the
only contractor model which utiiized a moving avei'age (MA) process to describe the
Jdata trend. This model was difficult to identify and was actually determined through a
process of elimination. Every reasonable model was analvzed and the ARIMA
(0.1.1) X (0.0,0); was chosen on the basis of the statistical significance of the coetficient
and the model’s performance as a forecasting tool. Several models which actually
produced slightlv better prediction results were excluded from consideration because
the resulting coetlicients were not significant. The multivariate Box-Jenkins model
could not be developed. The prediction results of the regression and Box-Jenkins
models are presented in Table 9 .

F. CONTRACTORF

Contractor F was the only contractor to supply data covering the entire
observation period. Figures 4.11 and 4.12 and Table 10 are provided for Contractor F.
The overhead cost and direct personnel series display similar trends. Both series
increase until the ninth period, then decrease in general and eventually resume
increasing. The overhead cost trend resumes increasing in the sixteenth quarter. This
latter trend in the overhead cost series displays a seasonal fluctuation with the
generally increasing trend. The direct personnel series decreases until the sixteenth
period at which point it becomes a nearly constant function for six quarters. Beginning
in the twentyv-fourth quarter, the number of workers begins a rapidly increasing trend
and continues in this manner through the remainder of the series. Several significant
single increases and decreases occur within the direct personnel trend. Three of these
rapid changes in the number of direct workers employed by Contractor F border above
and below the 3600 to 3800 interval in the work force level. The absence of data
observations in this range creates two distinct clusters of observations in the overhead
cost versus direct personnel graph. This plot does not appear random because of the
blank interval between the two groupings. However, the plot does not display a strong
rejat:onship between the components either. The OLS model has an R2 of .317. Both
forms of autocorrelation, AR(1) and AR(4), were removed from the raw data through
transformacion and the resulting series displays a direct relationship as depicted in the
lower right hand graph of Figure 4.11 The application of GLS to the raw data

:mproves the model significantly.




-
.
- -
o5
. .
. A

1
1500
TRANSFORMED PERSONNEL COUNT

DIRECT PERSONNEL VS TIME

QUARTERS
DATA CORRECTED FOR AUTOCORRELATION
.
.
-
®ee
A A
500 1000

A 2 L A 2 44 o
00002 00001 0
SHY1I0Q LNVISNOD Q3INNOISNWHL

A
CONTRACTOR F

20

OVERHEAD COST VS TIME

QUARTERS
OVERHEAD COST VS DIRECT PERSONNEL
K]
3800
PERSONNEL

000S9 00009 OOOSE 00008 0005Y
SHVII0Q INVISNOD

A Figure 4.11 Regression Analysis Graphs for Contractor F.

46

OO R RO WA AN AN R R R AN RIS AN RN
s 3~'Q‘L‘-‘€"y"".‘*‘ S R !‘-’c'»,.’-’l!.f;‘-. (LU ROt AU ML SN 0 MO M MU b MO L MO




&
I
2
3
L
x
=
Q SYVTI00 LSYO3HO04
| <
i o
I__
) prd
O
O
L)
3
=
: 4
[
2}
: ;
2 3
:

1 1 -l 1 1 A 1 L

00008 0000L 00009 0000¢
1S00 QV3HY3A0 TWnLdv

b- 4

Figure 4.12 Box-Jenkins Graphs for Contractor F.

47

R FONOAORDAUIOAUN
O NI



TABLE 10
PREDICTION RESULTS FOR CONTRACTOR F i

. BOX-. |
REGRESSION JENKINS !
i

Correlation Coeflicient: 623 440
‘ Root Mean Squared Error;
f Mean of the Actuals: .0886 0823
} Mean Absolute Percentage
’ Error: 8.23 6.86

The Box-Jenkins model appears to approximate the trend well but underestimates
the magnitude of the actual values. This model is approximately equal to the GLS
model in prediction power. The attempted development of the multivariate Box-
Jerkins model for Contractor F failed to indicate a significant impulse weight.
Therefore, the development ¢f the model was not pursued.

G. CONTRACTOR G

The data supplied by Contractor G spanned twenty-four quarters. The graphs in
Figure 4.13 indicate that both the overhead cost and direct personnel series follow
similar patterns during the twenty-four quarters. There is an increasing trend which
becomes a decreasing trend in the vicinity of the seventh quarter for both series. The
overhead cost series displays the influence of seasonal fluctuations about the general
trend. The lower left hand plot of overhead cost versus direct personnel indicates that
the uncorrected data possess a noticable direct relationship to each other. The R2
value for the OLS model was .541. After the data were corrected for both AR(1) and
AR(4) processes resulting in a GLS model with an R2 of .862. The F statistic for this
model was 133.155. Table 11 illustrates the outstanding predictive results of this
model. The Box-Jenkins model for Contractor G is portrayed graphically in Figure
4.14. The scaling of the two graphs is different because of the inclusion of the ninety-

five percent confidence intervals in the forecast graph. As indicated in Table 11, the
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! TABLE 11 :
; PREDICTION RESULTS FOR CONTRACTOR G

i
§
1
t
1
{

l‘
: . BOX:. !
o REGRESSION JENKINS ;
' Correlauon Coefficient: 638 604 ’
: Roct Mean Squared Error |
4§ Mean of the Actuals: 0262 0394 i
:: Mean Absolute Percentage §
“ Error: 1.96 3.15 |
!
J
: model is an effective forecasting tool for the specified prediction range. However, the
. regression model is superior in all three categories of comparison. The multivariate

| ! Box-Jenkins model could not be developed for Contractor G. The recurring problem
of insignificant impulse weights plagued this data set as it has several others examined

« in this thesis.
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V. CONCLUSIONS

The intent of this project was to develop and compare forecasting models to be
used in the prediction of overhead costs for seven government aerospace contractors.
This is part of a continuing overhead tracking project at the Naval Air Svstems
Command. Three tvpes of methodology were considered as possible model sources.
These included least squares regression models, Box-Jenkins methods, and Box-Jenkins
transfer functions.

The regression models which were examined were developed to be used by
unsophisticated forecasters and operate well on a microcomputer. The characteristics
of the data suggested the complications in model development which are associated
with autocorrelation. Consequently, these models test for two forms of autoregressive
processes: AR(1) and AR(4). Any necessary adjustments are made within the model.
A review of several literature sources indicated that the predictive capabilities of
regression models are usually inferior to those of the Box-Jenkins method in the short
run. In general this was found to be true. However, the regression models performed
well in most cases and resulted in superior forecasting models for two of the
contractors.

The Box-Jenkins class of models is considerably more complex than least squares
regression. Therefore, a more experienced forecaster and more efficient computer
resources are required to employ this method. The majoritv of the Box-Jenkins
transfer function models could not be developed for the data in this project. The
difficulties encountered are probably due to the small sample size for each data set.
Additionally, a computer package was not available which could perform the entire
transfer function procedure.

In those cases in which these requirements could be fulfilled, either of the Box-
Jenkins methods should be utilized. In the absence of continuous access to such
capabilities such as is the case in the Naval Air Systems Command overhead tracking
project, least squares regression theory can be used to develop verv adequate models
which produce results which are usually far superior to the results obtained from the
prevailing practice of applyving estimated overhead rates to estimated direct labor
hours.
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APPENDIX
APL FUNCTIONS

The following APL functions perform the OLS and GLS regressions. The GLS
“uncuon transforms the data to remeve AR(J) processes and GLSD makes the required
transformation for AR(1). The PRED function computes the prediction effectiveness

neasurements for the OLS, Box-Jenkins. and transfer function forecasts. The PREDI.
PREDJ. and PREDA) functions perform the same task for the regression models which
required a transformation due to the presence of autocorrelation. The PREDI
function was utilized in those cases where only AR(1) processes were detected during
the regression model development stage. The PREDJ function performs a similar task
tor those cases in whicn AR(4) processes are the onlv form of autocorrelation. The
PREDJ0 function makes the appropriate transformations for both AR(1) and AR(4)
processes regardless of the order in which they were removed.

~OLS;X2;Y;N; X1 XT3 X3 XTXIT; XTY;K13KsYHAT ; YBAR;AY ;ERRET14
(1] aTHIS FUNCTION COMPUTES THE REGRESSION STATISTICS OF AN
£2] AaINDEPENDENT VARIABLE AND A DEPENDENT VARIABLE.
(3] ATHE FUNCTION SUPPLIES THE COLUMN OF ONES.
ful] ‘'ENTER THE INDEPENDENT VARIABLE'
[5] DL«
(6] 'ENTER THE DEPENDENT VARIABLE'
(7] OH<J
(8] X2«DL
{S] YeOH
(10] NepY
(11] Y«(N,1)pY
(12] X1eNp1
£13] XT«(2,N)p(X1,X2)
(1u] Xe®XT
[15] XTXI«B(XT+.xX)
{16] XTY«XT+.xY
£17] BeXTXI+.xXTY
£18] K1lepB




[19]
203
[21]
{221
(23]
L2u)
[25]
(261
[27]
£28]
£29]
(301
(311
£321
(33]
C3u]
[35]
[361]
{37l
£3s]
£39]
(403l
Cu1]
(w21
(u3]
Cuu]
Cus5]
Cus]
Cu73
fusg]
Cugal
{503
(511
(523
(53]

K+«K1[1]

YHAT«X+.xB

E<«Y-YHAT

RSS«1p ((QE)+.xE)

S2+RSS+(N-K)

S«S2%0,5

YBAR«(+/((N)pY))+N
AY«((N)pY)-YBAR

TSS«((N)pY)+.xAY

ESS«TSS-RSS

R2«ESS+TSS
ADJR2«1-((RSS+(N-K))+(TSS+(N-1)))
COVB«S2xXTXI
STERRA«COVB(1311%0,.5
STERRB«COVB[23;2]1%0.5
TA<B[1;11+4(COVB[1;11*0.5)
TB«B[2:;1]+(C0OVB[2;2]%0.5)
Fe«(R2+#(K-1))+((1-R2)+(N-K))
ERR«(N)pE

ET1«0,((N-1)+ERR)
EET1«(1+(ERR-ET1))%2
D1«1p((+/EET1)+RSS)

ET4« 0000 ,((N-4)+ERR)

EET4« (4% (ERR~ETU ) )*2

Du«1p ((+/EETY )+RSS)
Py1¢1-(0,5%xDu)
Pu2«(((Nx2)x(1-(0,.5xD4)) )+ (K*x2) )+ ((N*2)-(K*2))
P10«(+/(1+(ERRxET1)))+#(+/(1+ 1+ (ERRxERR)))

'RSS  ',BRSS
'ESS  ',BESS
'TSS  ',sTSS

'S 1,88

1 !

'ADJR2  ',BADJR2

! '
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N
-

i

y {s4] 'A ',(sB[1:1])
K (55] 'STERRA ' ,sSTERRA
N (561 '8 ', (3B[2:1)
' i [57] 'STERRB ',sSTERRB

! [58] t 1

| [56] 'F  ',oF

! (601 'TA ',oTA

| [611 'TB  !,sTB

? e2] ! !

f [631 'D1  ',sD1

{ Z641 'P10  ',8P10

i Essj 1] 1

| (661 'Du ',3D4

! [67]1 'Pu1 ' ,3Pu1

[68] 'Pu2  !,B3Pu2
v

-GLS;X2;Y:N:Y1:Y2;Y1G:;Y2CG:X21:X22:X216G3X22CG+X1:XT:X

-1- AaTHIS FUNCTION TRANSFORMS THE DA2A TO REMOVE THE EFFECTS
-2- ROF AR(u4). THE VECTORS OF XG AND YG ARE THE
ATRANSFORMED VECTORS AND ARE GLOBAL VARIABLES.
{u] 'ENTER THE INDEPENDENT VARIABLE'
(5] A<QO
(6] 'ENTER THE DEPENDENT VARIABLE'
{71 2«0
£8] 'ENTER THE ESTIMATE OF Pu!
(2] Pu<Q
[10] X2«A
(11] Y2
{12] NepY
' [13] Y1elUsy

- (14] Y2« (N-u)+Y

' [15] 71G«¥Y1x((1-(Pux2))*0.5)

[16] Y2G«(u+vY)=-(PuxY2)

1
w
]
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py. B
Ry

:Yw: !

kS [17] YG+Y1G,Y26

. [18] Y+(N,1)pYC

. [19] X21<44X2

. [20] X22¢(N-4)4X2

ggg f (211 X21G«X21x((1-(Pu%2))%0.5)

‘ﬁf % {22] X226« (4¥X2)-(PuxX22)

N (23] XG+(X21G,X22G)

v | {24] X1eNp1

- [25] XT«(2,N)p(X1,XG)

e [26]1 X«&XT

o [271 XTXI<B(XT+.xX)

" | (28] XTY«XT+.xY

g, | [29] BG«XTXI+ xXTY

%: 301 K1+pBG

. [31] KeK1[1]

b [32] YHATG+X+.xBG

o [33] EG<Y-YHATG

'§3 [34] RSSG+1p ((8EG)+.xEG)

L | [35] S2G+RSSG+(N-K)

o ! (36] SG+S2G*0.5 :
ﬁ$ | (371 YBARG+(+/((N)pYG))+N |
8 | (381 AYG«((N)pYG)-YBARG |
VA [39] TSSG+((N)pY¥G)+.xAYC

5%_ | [40] ESSG+TSSG-RSSG

o [41] R2G+ESSC+TSSG
'ﬁﬁ | [42] ADJR2G+1-((RSSC+(N-K))+(TSSG+(N-1)))

v [ (431 COVBG«S2GXxXTXI

I fuu] STERRAG+COVBGL1311%0.5

h S (451 STERRBG+COVEG[2321%0.5

$§ | [46] TAG+BG[1;114(COVBG[1:;11%0.5)

fid [47] TBG+BGL23114(COVBG[2:21%0.5)

‘ (48] FG+(R2G+(K-1))*((1-R26)+(N-K))
rgx - (49] ERRG+(N)pEG
. [50]1 ET1G+0,((N-1)4ERRG)
o (511 EET1G+(1+(ERRG-ET1G))x2
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|
1

D1G«1p ((+/EET1G)+RSSG)
ETuG« 0000 ,((N-4)+ERRG)
EETUG«(4v (ERRG-ETUG) )*2
DuG«1p ((+/EETUG)+RSSG)

Pu1G«1-(0.5xDuG)

PL2Ge(((N%*2)x(1-(0.5xD4G) ) )+ (K*2) )+ ((N*2)-(K*2))
P1G«(+/(1+(ERRGXET1G)))+(+/(1+ 1+ (ERRGXERRG)))

'RSSG ' ,8RSSG
'ESSG ',8ESSG
'TSSG ',8TSSG
'SG ',3SG

1 !

'ADJR2G ',BADJR2G

1 1

'4G ',(38G(13])
'STERRAG ' ,3STERRAG
'BG ',(8BG231)

'STERRBG ' ,3STERRBG

'FG "OFG
'TAG  ',BTAG
'TBG  ',3TBG
] 1

'D1G  ',3D1G
‘PG ',BP1C
! 1

'DUG  ',BDM4G

'PU1G ', 3PU1G
'Py2G ' ,8PU2G
v

VGLSD3X23YsN3Y¥13Y2:X21:X223X1:XTs X XTXI;:XTY;:K1:K

(1] ATHIS FUNCTION CORRECTS THE REGRESSION MODEL FOR THE
(2] ATHE EFFECIS OF AR(1). THE TRANSFORMED VECTORS XF AND




o .

(3]

(u]

£s]

(61

€71

£8l

(el

[101
[11]
[12]
{131
C1u4]
{151
r16]
(17]
L18]
£191
£201]
[21]
[22]
r23]
f2u]
£25]
[26]
€271
[28]
£29]
£301]
£31]
£32]
£33]
{3u]
(35]
(361
(371

AYF ARE GLOBAL VARIABLES. .
'ENTER THE INDEPENDENT VARIABLE'
c«0

'ENTER THE DEPENDENT VARIABLE"
D+«0

'ENTER THE VALUE OF P1!

Plel

X2«C

YeD

NepY

Y1«0,14Y

Y2« (N-1)4Y
Y1F«Y1x((1=-(P1*2))*0.5)
Y2F«(1+vY)-(P1xY2)
YFe1v(Y1F,Y2F)

Y«(N,1)pYF

X21«0,14X2

X22«(N-1)4X2
X21F«X21x((1-(P1%2))*0.5)
X22F«(1+X2)-(P1xX22)
XF«1v(X21F ,X22F)

X1«Np1

XT«(2,N)o(X1,XF)

X«QXT

XTXI+B(XT+.xX)

XTY+XT+.xY

BF«XTXI+.xXTY

Ki1«pBF

KeK1([1]

YHATE«X+ .xBF

EF«Y-YHATF
RSSF«1p ((REF )+ .xEF)
S2F«RSSF+(N-K)

SF«S2F%0.5
YBARF«(+/((N)pYF))+N
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r3sl
£3gq]
fueld
fu1l
te2]
t43j
fun]
L4513
fuve]
fu7]
[u8]
cu3]
{501
£511
£s21
(53]
(5u]
£55]
£s6]
{571
£581]
(591
(601
{611
{621
(631
(6u]
(651
c661]
(671
(681
£693]
£701]
(71]
(721

AYF«((N)pYF)-YBARF
ISSF«((N)pIF)+.xAYF

ESSF«TSSF-RSSF

R2F«ESSF+TSSF
ADJR2F«1-((RSSF+(N-K))+(TSSF+(N-1)))
COVBF«S2FxXTXI
STERRAF+COVBF([13;11%0.5
STERRBF+COVBF{232]1%0.5
TAF<«BF[1311+(COVBF[1;1]%0.5)
TBF«BF[23;11+(COVBF[232]%0.5)
FF«(R2F+(K-1))#((1-R2F)+(N-K))
ERRF«(N)pEF

ET1F«0,((N-1)+ERRF)
EET1F«(1+(ERRF-ET1F))%2

D1F«1p ((+/EET1F)+RSSF)

ETuF«000CO0 ,((N-4)AERRF)
EETuF<(4+v(ERRF-ETUF))*2

DuF«1p ((+/EETUF)+RSSF)
PY1F«1-(0,5xDuF)
PUu2Fe(((N*x2)x(1-(0.5%DUF)))+(K*2) )+ ((N*x2)-(K%x2))
P1F«(+/(1v(ERRFXET1F)))+(+/(1+ 1+ (ERRFxERRF)))
'RSSF ' ,8RSSF

'ESSF ' ,3ESSF

'"TSSF ' ,8TSSF

'SF ',3SF

'ADJR2F ' ,8ADJR2F

! 1

'AF ', (8BF[1;1])
'STERRAF ' ,8STERRAF
'BF ', (8BF[2;1)
'STERRBF ' ,3STERRBF
1 1

'"FF ' ,8FF

'TAF ' ,8TAF
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i
|
i
|
[

U |

[(731
C74]
(751
(7861
(771
(781
{793
c80]

(11
£2]
£31]
fu]
£s]
(6]
{71
£8l
€9l
(10]
(113
[12]
[13]
(1]
{151
(161
(171
(18]
f19]
£20]
213
[22]
£23]

'TBP ', 3TBF

! ]

'D1F ', 8D1F
'P1F ', 8P1F

] ?

'DYF ', 8DUF
‘PUlF ' ,8PY1F
'Pu2F ' ,BPu2F
v

VPRED;YPA;YAA ;YPM; YAM;NUM; DENOM
ATHIS FUNCTION PROVIDES THE MEASURES OF PREDICTIVE
AEFFECTIVENESS FOR THE BOX-JENKINS MODELS.
'"ENTER THE ACTUAL SERIES VECTOR!
OH2<(0
'"ENTER THE BOX-JENKINS FORECAST VALUES!
YP<{
YA« u+0H2
Nep Y4
MAPE«((+/((| (YP-YA))#YA))#N)x100
RMSE«(((+/((YP-YA)*2))+N)*0.5)+((+/YA)+N)
YPA«(+/YP)aN
YAA«(+/YA)+N
YPN«YP-YPA
YAM«YA-YAR
NUM«(+/(YPMxYAM) )+N
DENOM«(((+/(XPM%2))#N)x((+/(XYAM*2))+N))*0.5
CORR«NUM+DENOM
'PREDICTED X!
YpP
! !
'ACTUAL Y!
YA




= -

[2u] 'CORRELATION ' ,3CORR
f25] ! !

261 'RMSE/MA ' ,BRMSE
B 2731 ! !

o r28]1 'MAPE ', SMAPE

g ; v

- TP
RN IR R

h V PRED1;YPA;YAA;YPM; YAM;NUM; DENOM

§ (1] ATHIS FUNCTION COMPUTES THE MEASURES OF PREDICTIVE
(2] REFFECTIVENESS FOR THOSE CASES IN WHICH CORRECTIONS
{31 RFOR FIRST ORDER AUTOCORRELATION ARE MADE ., '

: {u] 'ENTER THE VECTOR CONTAINING THE ACTUAL Y VALUES.'
(5] OH2«0
(61 'ENTER THE VECTOR CONTAINING THE ACTUAL X VALUES.'

K [71 DL2+0

I (8] 'ENTER THE VALUEOFP1.!

R @ (3] P<O

N [10] YA« 440H2

(11] X« u44DL2

[12] XNeus("5+DL2)

[13] YN<5p0

[14] YP+«up0

[15] YN[11«14( 540H2)

[16] L0

(171 ITERATE : L«L+1

[18] YPLLI«YN[L+1]+(PxYNLL])+((XCL1-(PxXNCL]))xB)

, £19] +(L<3)/ITERATE

i [20] YN«YAYN

. [21] NepX

' (22] YP«(PxYN)+((X-(PxXN))xB)
£23] MAPE«((+/((1(YP-YA))+YA))+N)x100

- [2u] RMSE«(((+/((YP=-YA)*2))4N)*0.5)+((+/YA)+N)

- [25] YPA«(+/YP)sN

. T e,

N it x0d

W N LN

| [26] YAA«(+/YA)+N




[27] YPM«YP-YPA
[28] YAM<«YA-YAA
(29] NUM«(+/(YPMxYAM))+N
[30] DENOM«(((+/(YPM%*2))#N)x((+/(YAM*2))4N))*0.5
(31] CORR«NUM+DENOM
(32] 'PREDICTED Y'
£33] P
C3u] ! !
(35] 'ACTUAL X!
(36] YA
£3z7] ¢ !
(38] 'CORRELATION ',®CORR
397 !
(u0] 'RMSE/MA ' ,®RMSE
[s1] ¢ !
(u2] 'MAPE ', ®MAPE
v

V PREDM s YPA;YAA ; YPM; YAM; NUM; DENOM
(1] ATHIS FUNCTION COMPUTES THE MEASURES OF PREDICTIVE
(2] REFFECTIVENESS FOR THOSE CASES WRERE CORRECTIONS FOR
(3] aFOURTH ORDER AUTOCORRELATION ARE MADE.
(u] 'ENTERA VECTOR CONTAINING THE ACTUAL Y VALUES.!
{51 OH2+0 .
(6] 'ENTERTHE VECTOROF X VALUES'
(7] DL2«0
(8] 'ENTERTHE VALUE QOF Pu!
(S]] P«0
(10) YA+ u+0H2
(11] YNeTu40H1
(12] X« uaDL2
13] XN«"usDL1
(14] NepX
[15] YP«(PxIN)+((X-(PxXN))xB)
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(186]
171
(18]
£19]
£293
(212
(221
1231
f2u]
£25:2
[26]
[271
(28]
(291
(303
{311
£32]
{33]
{3u4]
(351

(11
£2]
£33
(u]
£s1
(61
{73
(8l
£al
{101
{111

MAPE«((+/((| (YP-YA))4#YA))*+N)x100
RMSE«(((+/((YP-YA)%2))+N)I%0.5)4 ((+/YA)+N)
YPA«(+/YP)sN

YAA«(+/YA )N

YPM<«YP-YPA

TAM<Y3-YAA

NUM«(+/(IPNxYAN) I+N

DENOM«(((+/ (YPM%2))#N)x ((+/(YAM*2))4N))%0.5
CORR+«NUM+DENOM

‘PREDICTED ¥

P

1] H

'ACTUAL ¥

Ya

! 1

'CORRELATION ',®CORR

'RMSE/MA ' ,SRMSE
t t

'MAFE ' ,SMAPE
v

V PRED4O s YPA3sYAA; YPM; YAM;NUMN ; DENOM

RTHIS FUNCTION COMPUTES THE MEASURES OF PREDICTIVE
AEFFECTIVENESS FOR THOSE MODELS CORRECTING FOR
AFIRST ORDER AND FOURTH ORDER AUTOCORRELATION:
'"ENTER THE VECTOR CONTAINING ACTUAL ¥ VALUES'!
OH2+«0

"ENTER THE VECTOR CONTAINING X VALUES'

DL2<(0

"ENTER A VALUE FOR Pu!

Pu<(

'"ENTER THE VALUE FOR P1"

Pl<0
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f12]
(131
(1]
{1s]
£16]
(17
£181
{191
{201
211
[22]
t23]
{2u1]
£25]

(261 ITERATE:L«L+1

271
{281
{291
£301
{311
£32]
£33]
{3u4]
£353
{361
£371
{38]
{391
fu0]
tu1]
fu2]
[u3]
Cuul
fus]
(u6]

'ENTER THE VECTOR CONTAINING THE PREDICTED VALUES'
YP«0

YA+ u+0H2

X« uaDL2

XT1«ua("54DL2)

XTueur (T84DL2)

XTS«u+(794DL2)

XB+Bx (((X-(PUuxXTu))~-(P1xXT1))+(P1xPuxXT5))
YP<upo

YT1«5p0

YT71(1]1«1+4("5+0H2)

YTu«us("840H2)

YTS+u4("S+0H2)

L«0

2PtL1¢YT1EB+1]¢(((P1x2T1[L])+(Pux¥2n[b]))-(PixPuxYTSEL]))+XB[Lﬂ
+(Ls3)/ITERATE
NepX
MAPE«((+/((l (YP-YR))+#YA))+N)x100 !
RMSE«(((+/((YP~YA)*2))N)I*0.5)+((+/YA)+N)

YPA«(+/XP)+N .
YAA«(+/Y2)+N

YPN«YP-YPA

YAN«YA-YAR

NUM«(+/(XYPMxYAM))*N

DENOM«(((+/(IPM*2) )4N)x((+/(YAM*2))#N))*0.5

CORR«NUM+DENOM

'‘PREDICTED Y!

¥pP

1 ?

'ACTUAL Y'!

YA

! !

'CORRELATION ' ,8CORR

' !




¢ - b d w wwWwETwew

o (47] 'RMSE/MA ', 8RMSE
v Rl [ugy '+ ¢

(43] 'MAPE ', 8MAPE
RN v

.
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